Summary Fifty-six studies were reviewed that explored cognitive dysfunctions in people with sleep-related breathing disorders (SRBD, 24 studies), insomnia (18 studies), or narcolepsy (14 studies). Individual study outcomes were grouped according to neuropsychological functions. Available evidence was reviewed separately for SRBD, insomnia and narcolepsy. Consistent evidence was found for impaired driving simulation performance in SRBD patients (92.9% of comparisons with control subjects). Other neuropsychological functions with less pronounced impairment included (i) attention span, divided attention and sustained attention for SRBD patients; (ii) attention span, verbal immediate memory and vigilance for insomniac patients, and (iii) sustained attention, vigilance and driving simulation performance for narcoleptic patients. Reduced performance in tasks measuring attention was found to be higher for SRBD and narcoleptic patients (35.9% and 44.2% of all comparisons, respectively) while this rate was lower for insomniac patients (22.8%). Impairment of memory performance in comparison with control subjects was less pronounced for all three groups, with 20.0% for insomnia, 17.1% for SRBD and 15.6% for narcolepsy. In other areas of cognitive functioning, the data did not allow definite conclusions for any of the patient groups.  2001 Harcourt Publishers Ltd patients [1] [2] [3] , narcolepsy patients [4, 5] and
INTRODUCTION
patients with insomnia [6] . The aim of this review is to update present knowledge and to compare Impairment of daytime functioning is a key element results on cognitive dysfunction in patients with in major diagnostic groups of sleep disturbances.
either SRBD, insomnia or narcolepsy. Since testing This may present as exaggerated sleepiness as in of cognitive functions in other sleep disorders is narcolepsy and sleep-related breathing disorders extremely rare, such studies were not considered (SRBD), or as increased tiredness associated with for this review. An additional aim of the review was reduced sleep propensity as in insomnia. Perhaps as to explore the pattern of cognitive dysfunction a direct consequence of sleep-wake dysregulation, in greater detail by grouping individual tasks into cognitive and psychomotor functions may be imneuropsychological functions and subfunctions and paired either objectively or subjectively. There are to examine convergence of evidence across studies. quite recent reviews from studies with SRBD screened references in major publications. We coninto three categories regarding their average apnoea severity: nine patient samples [9, 10, 12, 15, 18, 20 , sidered all those studies that compared performance in sleep-disordered people to that of 23, 29, 30] were classified as being mildly affected with apnoea severity indices between 10 and 30; control subjects who showed neither signs or symptoms of sleep disturbances nor complained about eleven patient samples were moderately affected with severity indices between 31 and 50 [8, 10, 13, poor sleep. Our search yielded 24 studies in the area of SRBD , 18 studies for insomnia [31-14, 16, 19, 22, 24, 26-28] , and for eight groups of patients severity indices exceeded 50 (severely 48], and 14 studies for narcolepsy [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] . To keep the three areas somewhat balanced, for SRBD, affected patients [7a, 7a, 8b, 9, 11, 17, 21, 25] ). Neuropsychological task performance was grouped where most data are available, we integrated only those studies which were published as full journal according to basic areas of attention, motor performance, constructional performance, driving simarticles, discarding abstracts or other non-peer reviewed material.
ulation, memory, concept formation, reasoning and executive function, verbal functions and composite Cognitive functions were studied with a wide array of neuropsychological tasks and test promeasures of general intellectual functioning. Each area of cognitive performance will be reviewed cedures. All tasks were grouped according to separately. 
Perception
for the three patient groups (Tables 2 to 4) use Perception was investigated in four studies by means the same format to allow easy comparison across of skin writing [12] , the Hooper visual organization diagnostic groups, and to indicate areas which were test [9] , and the Thurstone visual matching test [9] , adequately investigated, or neglected. Since most all of which showed no difference between mildly tasks have more than one, or even multiple outcome [9, 12] or severely [9] affected SRBD patients and measures, the number of comparisons in Tables 2 controls. In addition, Lee et al.
[13] employed a to 4 is substantially larger than the number of tasks sensory motor task, where subjects were asked to applied.
point to a figure on a touch-sensitive screen after being otherwise engaged for a couple of seconds [13] . The number of correct responses, which was
RESULTS
improved in SRBD patients, was considered as a measure of basic perception, whereas reaction time
Sleep-related breathing disorders
on this task was considered a measure of motor performance and will be reviewed in the respective The literature search yielded a total of 24 studies section. Overall, there is no evidence that SRBD . Five studies reported results for multiple patients show reduced perceptual functions. patient groups [7] [8] [9] [10] or control groups [11] . In two cases [7, 8] results from two different studies were reported in one publication. They were Attention treated as separate studies. Two studies compared Six studies have compared attentional performance two patient groups to one control group [9, 10] , of patients with mild forms of SRBD [9, 10, 12 , 15, and one study compared the same patient group 18, 20] to that of normal controls. Patients did not with two different control groups [11] . Taken todiffer from controls in measures of alertness [10] , gether, the studies compared 28 patient groups attention span [12] , complex focused attention like with a total of 893 patients with SRBD to either the Trail-Making Test (TMT) A [15, 20] , the TMT normal control groups or clinical control groups B [9, 15, 18] , the Symbol Digit Substitution Test that were sampled within the sleep laboratory and (SDST) [15, 18] , the Digit Symbol Substitution Test comprised a total of 1281 persons. The clinical (DSST) [9, 15, 20] , and various cancellation tests control groups considered in the present review [9, 12, 15, 18] . Furthermore, no difference was included non-apnoeic patients referred for evalureported for measures of divided attention [10, 15, ation of sleep apnoea [8a, 8b, 11]. To study the 20] , selective attention [10] , sustained attention [9, effect of apnoea severity on neuropsychological 10, 15] and vigilance [10] . Only in one study [15] was reversed digit span reduced, which was not, performance measures, patient groups were divided [7] , 87-Film driving simulator [7] [55] , 164-Naming test -auditory verbal [55] Composite measures (165-170) 165-WAIS-R Full scale [9] , 166-WAIS-R Verbal scale [9, 29, 30] , 167-WAIS-R Performance scale [9, 29, 30] , 168-WAIS-R Vocabulary and Block Design [8] , 169-Mini Mental Status Examination (MMSE) [20, 29] , 170-Factor psychomotor efficiency [18] however, confirmed by Knight et al. [12] . The former them reporting an increased error rate for SRBD patients [19] . In summary, with the exception of one study [15] also found a reduction of the signal detection parameter in a 10-min continuous perstudy [13] which found no reduction in attention functions, all others reported a reduced performance test (CPT), albeit only for the last 2 min. Taken together, the evidence suggests that patients formance in at least one attentional task. Across studies however, these deficits do not converge, so with mild forms of SRBD show little or no impairment in diverse functions of attention.
that attention functions may be impaired in some but not all patients with moderate forms of SRBD. Attention performance of patients with moderate levels of SRBD was compared in seven studies [8, Only three studies have included samples of severely affected SRBD patients [9, 17, 21] [9] and all three reported reduced performance of differ from that of controls in three other studies [10, 13, 22] . The forward and reversed digit span patients when compared with controls, though not for all task parameters. Bédard et al. [9] furthermore was found to be reduced in two studies [14, 16] and unchanged in another [13] . Similarly, the TMT found a reduced performance in short-term focused attention with the TMT B, the DSST and a can-A showed a reduced performance of patients in one study [19] and was not different to that of cellation task. Taken together, the studies support the assumption that severely affected SRBD patients controls in two other studies [13, 14] . Performance in the TMT B, however, which is more complex show impaired sustained attention. However, for other areas of attention, conclusions will have to than the TMT A, showed no differences between moderately affected SRBD patients and normal conawait further evidence. trols in all four studies [8, 13, 14, 16] . Only two studies have used cancellation tests, one reported
Motor functions
Motor functions in SRBD patients have been ina reduced performance [16] and the other did not [14] . However, two studies have found that SRBD vestigated by means of the Purdue pegboard [9, 16] , the grooved pegboard [18], finger tapping [12, patients differed from controls in two German tasks of selective attention [10, 19] . Tasks measuring 20] and a sensory motor task [13] . Finger tapping performance did not differ between mildly affected divided attention and mental tracking were found to be reduced in two studies [8, 14] and unimpaired SRBD patients and controls in two studies that employed this measure [12, 20] . The grooved pegin four studies [10, 13, 19, 22] , with one [19] reporting an increased error rate for patients. Susboard was employed in a large population-based study. Kim et al. [18] found no difference between tained attention did not differ between patients and controls in two studies [8, 10] and was reduced in persons with or without SRBD, defined by an apnoea-hypopnoea index (AHI) of less than five. one [19] . Finally, vigilance performance was found reduced in one study [22] and not different to that
For the Purdue pegboard, on the other hand, two studies reported reduced performance of patients of controls in another two [10, 19] , with one of with mild [9] , moderate [16] or severe [9] [24] , all other studies consistently showed verbal recall [8, 13, 16] as well as delayed visual that driving simulation performance was reduced in and verbal retrieval [8, 16] , relative measures of moderately [26] [27] [28] and severely [7, 8, 11, 17, 21, forgetting [14, 16] , and other memory tasks [13, 25] affected SRBD patients when compared with 19] . Only one study [14] has explored learning controls. There is strong evidence that driving simperformance in moderately affected SRBD patients ulation performance is reduced in patients with and reported reduced visual as well as verbal learn-SRBD in at least moderate or severe forms.
ing capacity. In summary, patients with moderate SRBD show no impairment in absolute and relative
Constructional performance
measures of memory retention and immediate recall Constructional performance in SRBD patients has performance but might experience reduced learning been investigated in only three studies for copying capacity. [9, 16] and building and assembling [9, 12, 16] . Both Only one study [9] has explored memory funcareas were unimpaired in patients with mild forms of tions in a group of 10 severely affected SRBD SRBD [9, 12] . Moderately affected patients showed patients. These authors found reduced visual imreduced copying performance but did not differ mediate and delayed recall performance and refrom controls on the Wechsler Adult Intelligence duced delayed verbal performance, while immediate Scale (WAIS-R) Block Design task [16] . One group verbal recall did not differ between patients and of 10 patients [9] with severe SRBD did exhibit controls. Any conclusion about memory perreduced copying as well as building and assembling formance in severely affected patients requires adperformance. Although the studies suggest that ditional evidence. constructional performance of SRBD patients varies with apnoea severity, more studies are needed before any conclusions can be drawn.
Concept formation
Concept formation denotes the ability to form concepts, to use categories, to generalize from Memory single instances or applying procedural rules and Memory performance consists of several, largely general principles [63] . It has been assessed using independent functions [63] that can be selectively the WAIS-R subtest Similarities [9, 20] and the impaired in neuropsychological patients. Immediate
Wisconsin Card Sorting Test (WCST), with special recall, learning, retention, and retrieval have all been emphasis on sorting and shifting. SRBD patients and repeatedly assessed in patients with SRBD, whereas controls did not differ in the WAIS-R Similarities other memory functions like working memory [13] subtest [9, 20] regardless of severity. For the WCST, or procedural memory [15] have received less all three control group studies that employed this attention [3] .
test reported an increase in perseverative errors Patients with mild SRBD did not differ from controls in verbal immediate recall [9, 12] Bédard et al. [9] reported reduced verbal fluency is unimpaired in SRBD patients, the shifting of for a subgroup of severely affected SRBD patients concepts or inhibition of responses might be imwhen compared with controls. In summary, the paired even in milder forms of the disorder.
evidence suggests that verbal functions are unimpaired in patients with SRBD, with the possible exception of very severely affected patients.
Reasoning
Reasoning involves logical thinking, comprehension of relationships and practical judgement [63] and
Composite measures
has been assessed in three studies by means of the These are those measures that combine per-WAIS-R subtests Picture Arrangement [9, 14] and formance on widely different tasks into a single Comprehension [9] , and the 20-question procedure score. The best-known composite measures are [14] . Performance in WAIS-R Picture Arrangement the WAIS-R verbal, performance and full-scale IQ or the 20-question task did not differ between scores. We found one study with two patient groups mildly [9] , moderately [14] , or severely [9] affected comparing the full-scale WAIS-R of SRBD patients SRBD patients and controls, but two groups with to that of normal controls [9] . While mildly affected mild and severe SRBD showed reduced perpatients did not differ from controls, the group of formance in the WAIS-R Comprehension subtest [9] . More research is needed before drawing any severely affected patients showed reduced WAISconclusions.
R full-scale scores [9] . This was due to a reduced performance IQ, whereas the verbal IQ was found not to differ from that of control subjects. Indeed,
Executive functions
verbal IQ scores have been shown to be comparable Executive functions involve the four components:
to that of normal controls in all three studies volition, planning, purposive action and effective that have reported this measure [9, 29, 30] . The performance [63] . Among these components, planperformance IQ, on the other hand, was unimpaired ning was mainly studied in SRBD patients. Planning in two groups of mildly affected patients [9, 30] , activities were assessed by various tower tasks [13, 14] and maze tracing [9, 12] . Lee et al. [13] as but reduced in two other groups of mildly [29] and well as Naëgelé et al. [14] compared tower task severely affected patients [9] . Other composite performance of moderately affected SRBD patients measures included the Mini-Mental Status Exto that of normal controls. Whilst one study [13] amination (MMSE) which did not differ between found no difference in performance, a second study patients and controls in two studies [20, 29] , a [14] reported reduced performance in the threecombination of the WAIS-R subtests Vocabulary and disk but not the four-disk task. For maze tracing, Block Design which did likewise not differ between one study [12] with elderly subjects and mild forms patients and controls [8] , and a factor-analytically of SRBD found no performance differences when derived psychomotor efficiency measure [18] . In compared with controls, whereas Bédard et al. [9] contrast to all other composite measures, the factor reported an increase in impulsive errors for both was derived empirically by Kim et al.
[18] and mildly and severely affected patients. Again, more discriminated between SRBD patients and controls. studies are needed to clarify whether executive functions are impaired in SRBD patients.
Summary
Cognitive dysfunctions in SRBD patients show a Verbal functions and language skills complex pattern. There is strong evidence that Those that have been assessed in SRBD patients driving simulation performance is reduced in include verbal fluency, vocabulary, confrontation patients as compared with controls. For other areas naming, knowledge acquisition and retention (verbal of neuropsychological functions, comparisons beacademic skills). With one exception [9] , patients with mild [9, 12, 18, 23] [35] somniacs, although summarizing across these very insomniac patients. diverse tasks may be problematic.
Attention span
Attention span has been investigated in three studies [52] as well as a task requiring subjects to flexibly shift attention [51] showed reduced performance
Other complex attention tasks

Attention span
of narcoleptic patients as compared to controls. Attention span has been assessed in three studies Again, no single task has been employed twice. [53] [54] [55] . Combined [53, 54] as well as single [55] verbal span and forward spatial span [55] did not differ between narcoleptic patients and controls in
Sustained attention
Sustained attention was measured by the FCRTT all three studies. [52, 58] 
Focused attention
In the FCRTT narcoleptic patients showed more Focused attention has been investigated with the gaps and prolonged reaction times but not more TMT [56] [59] found that narcoleptics and performance on the DSST was reduced in narcontrols did not differ in the CPT. Overall, the coleptic patients under conditions of low arousal.
number of four studies is too small to draw any Rogers and Rosenberg [53] reported that patients conclusions. had more perseverations but not omissions or errors of commission in a cancellation task. Pollak et al. [57] found that narcoleptic patients were
Vigilance
Longer and more tedious tasks measuring vigilance consistently less accurate but not slower than controls in a visual search task. All other tasks did not yielded more converging findings. [62] repeatedly [56] , serial subtraction [56] , and a divided attention administered the CFF over a 10-h test period and task [51] . The Stroop test, the Paced Auditory found that although average CFF thresholds did not Serial Addition Task (PASAT), and both mental differ between patients and controls, narcoleptic tracking task did not differ in two studies [54, 56] patients showed significantly greater variability in that did not manipulate sleepiness in narcoleptic performance, a finding that has also been noted by patients. Hood and Bruck [49] on the other hand, others [52, 57] . Taken together, vigilance pershowed that Stroop and PASAT performance were formance in narcoleptic patients has repeatedly reduced in narcoleptic patients under conditions of been shown to be reduced, but as in the other areas experimentally induced low arousal. Finally, Rieger of cognitive functions, more studies are needed to [51] found that patients showed reduced divided replicate these findings. attention performance when compared with conMore recently, driving simulation performance trols. Overall, acute sleepiness seems to reduce of narcoleptic patients has repeatedly been shown divided attention performance in narcoleptic to be reduced compared to controls [24, 25] . patients significantly.
Other complex attention tasks include the GoNo-Go test [56] , the Krakau visual acuity test [50],
Memory
Memory performance in narcoleptic patients did and two-choice reaction time [50], which did not differ between patients and controls. However, not differ from controls in most measures of Number of comparisons that exceeds number of studies result from multiple patients groups, tasks or task parameters. Number of comparisons that exceeds number of studies result from multiple patients groups, tasks or task parameters. Number of comparisons that exceeds number of studies result from multiple patients groups, tasks or task parameters. [51, 56] . Rogers and Rosenberg [53] found reduced delayed recall of a 30 word list, and Smith et al. [56] found the learning DISCUSSION performance of narcoleptic patients to be reduced compared with controls. Furthermore, Rogers and Summed up across all neuropsychological tasks and Rosenberg [53] reported that narcoleptic patients task parameters from 57 studies which were showed reduced performance in automatic inreviewed, patients with SRBD and narcolepsy cidental memory, and noted that patients showed showed reduced performance in one third (36.9% reduced general reaction times in all task sets of and 34.6%, respectively) of all comparisons to conthe Sternberg Memory Scanning task, which they trol subjects, while performance of insomniac interpreted as a perceptual encoding deficit. Smith patients was reduced to a lesser degree (22.9% of et al. [56] found a greater gap between recall and all comparisons). The most consistent finding was recognition performance in narcoleptic patients.
impaired driving simulation performance (92.9% of Hood and Bruck [49], however, found no difference all comparisons), with a total of 22 comparisons in in short-and long-term memory between patients SRBD patients, six in narcoleptic patients and none and controls, even under conditions of low arousal.
in insomniac patients. Sleep-disordered patients As in the area of short-term attention, deficits in performed worse than control subjects on tasks narcoleptic patients have only been demonstrated measuring attention (33.5%) or motor functions in singular studies with widely different tasks and (42.3%). Memory performance was comparatively must await replication.
less impaired with reduced performance of patients Other areas of neuropsychological functioning in only 17.3% of all comparisons. Although reasoning in narcoleptic patients have received only little and executive functions appeared to be considerably attention. No difference in performance between impaired, the number of studies in these areas was patients and controls was found in the areas of too small to draw meaningful conclusions. motor function [59, 57] , reasoning [57] , executive When the performance of the three diagnostic function [56] , and verbal function [56, 59] . Congroups was compared within each area of neurostructional performance and concept formation psychological functions, SRBD and narcoleptic have not been investigated in narcoleptic patients.
patients showed reduced performance in attention tasks in one third to half of all comparisons made Summary (35.9% and 44.2%, respectively), which is subExperimental research protocols have demstantially higher than the 22.9% rate of impairment of onstrated that cognitive performance of narcoleptic insomniac patients. Driving simulation performance patients is greatly influenced by varying degrees of was reduced in SRBD patients in 90.1% of the daytime sleepiness. Although Hood and Bruck [49] comparisons, and in all six comparisons from a total showed that task complexity is most susceptible to of only two studies in narcoleptic patients. Given the effects of sleepiness, vigilance performance is the suggested high sensitivity of tasks measuring the one area where narcoleptic patients show condriving performance, exploration of driving simsistently reduced performance when compared with ulation performance would also be of interest in controls. If this is due to an inability to sustain insomniac patients, where we found no study in the attention over a longer period of time or in situliterature. ations of low stimulation, or both, is not entirely Concerning mnestic functions, insomniacs clear since both factors have not been varied inshowed reduced memory performance in 20.0% of dependently. Studies that have investigated susthe comparisons, which is slightly above the ratio tained attention (for a shorter period of time but for SRBD and narcoleptic patients (17.1% and 15.6%, with higher stimulation) showed mixed results, but respectively). This suggests that either the applied generally favour the hypotheses that time-on-task measures of memory performance are rather inis a significant contributor to performance decresensitive to the effects of various sleep disorders, ments in narcoleptic patients. Although reduced or, alternatively, mnestic functions are afflicted to performance has been reported for some areas of a lesser degree than attention and motor tasks in patients with sleep disorders. short-term attention and memory, this represents degree of arousal, which was experimentally maAlthough we found evidence too sparse to conclude nipulated in their study. Apart from the above impairment of executive function, we agree with conclusions, our review has identified a number these authors that SRBD appears to be more closely of problems which may be considered in future related to impairments in attention than memory research. These include: (i) lack of available evidence performance.
in several areas of neuropsychological functions; (ii) In the area of SRBD, studies were also summethodological considerations; and (iii) the problem marized separately for mild, moderate and more of comparability across studies. severe forms of SRBD. Patients with mild forms of For several areas of neuropsychological func-SRBD showed reduced performance in only 11.9% tioning the number of studies was too small to (10 out of 84 comparisons) while this percentage reach meaningful conclusions. In particular, "higherincreased to 44.2% (38 out of 86 comparisons) in order" functions like concept formation, reasoning patients with moderate forms of SRBD and reached and executive function are underrepresented in the a value of 78.4% (29 out of 37 comparisons) in literature. Further research is needed, especially as severely affected patients. This highlights the importthe available evidence suggests that sleep-disance of distinguishing between patients with difordered patients might experience considerable different degrees of severity in future research. ficulties in these areas. However, as has already been mentioned by EnMethodological problems arise predominantly glemann and Joffe [1] and applies to other sleep from the small sample sizes of the individual studies. disorders as well, at present we have little knowStatistical power analysis [65] suggests that in order ledge what constitutes meaningful severity criteria.
to attain a significant effect (type I error below .05) Insomniac patients showed less pronounced difwith moderate effect size and adequate test power ferences to controls. For attention tasks 22.9% of (type II error of 0.20), sample sizes in the order of all comparisons showed reduced performance while n 1 = n 2 = 50 participants are required. Considering for memory performance, this percentage was that the majority of studies included only 10 to 20 20.0%. Motor performance and "higher-order" funcparticipants per group, one may conclude that the tions seem to be an area of possible impairment effects reported in the present review are large. (cf. et al. [2] have undertaken a quantitative analysis in who found that 76% of a total of 54 comparisons the area of SRBD where they computed impairment showed no difference between insomniacs and coneffect sizes. As mentioned above, they reported trols. Only one deficit was replicated in an independent study. One reason for non-replication that average weighted effect sizes varied between 0.2 and 0.7. Given the size of these effects, a experience significant impairment. The question is, whether these are mediated by cognitive quantitative review might be more appropriate to summarize the available small-scale studies. For this deficits. Quality of life, which has repeatedly been shown reason, we agree with the recommendation to report effect sizes in original publications, which to be reduced in patients with sleep disorders [64, [67] [68] [69] [70] [71] , can not be easily regressed into cognitive has been proposed for several years [66] .
Summarizing evidence across single studies relies deficits. Although the construct of quality of life has been difficult to define precisely [80] and has been on the assumption that these studies can be meaningfully compared. The 57 studies reviewed in this operationalized with different components and dimensions [81, 82] there is a general agreement that paper employed a total of 170 different tasks for the measurement of cognitive performance. One quality of life is neither exclusively equivalent to external conditions nor to internal perceptions of could seriously question the comparability across studies in many areas. To overcome the problem these conditions but encompasses both [83] . The internal perception of cognitive deficits in patients of non-compatibility, Décary et al. [3] have proposed a standard battery of neuropsychological tests for with sleep disorders is well documented. Memory and attention problems and impaired ability to perthe assessment of cognitive deficits in SRBD. A similar, but less elaborate test battery was also form are among the most frequent symptoms that are brought forward by sleep-disordered patients proposed for narcolepsy [4] . The implementation of standards for selecting and performing neuro-[70, 71, 79] and might indeed be their chief complaint. The external basis of these complaints is psychological tests in sleep-disordered patients would clearly improve comparability of results more difficult to determine. This review shows that patients with sleep disorders differed from nonacross studies.
Another problem is the use of multiple outcome sleep disordered control subjects in a number of studies and a number of tasks. On a group level this parameters for the same task, especially in case of conflicting results. The most frequently enprovides evidence that sleep-disordered patients do indeed experience cognitive dysfunction. Sumcountered case was a difference between parameters of speed and accuracy [e.g. 9, 13, 19, 40, marizing these results, there are good reasons to assume that the objectively impaired and per-57]. For many areas of task performance it is still unclear which task parameter should be considered ceived cognitive dysfunction is part of the impaired quality of life in patients with different sleep disas indicative for a specific cognitive performance [3] .
orders. Patients with sleep disorders also exhibit a higher Performance of patients with SRBD, insomnia or narcolepsy differed repeatedly from that of nonrate of accidents [71, [74] [75] [76] [77] [78] , and patients with narcolepsy are not even allowed to drive a vehicle sleep disturbed controls. Even if results may not always be consistent within or across diagnostic in some countries [71] . In large-scale populationbased studies subjective sleepiness has been linked groups this suggests that the observed degree of cognitive dysfunction is clinically relevant. with higher accident rates [84] , as has sleep-disordered breathing [85] . Retrospective self-reported A main topic which needs clarification is the question whether neuropsychological laboratory accident rates are significantly higher in patients with SRBD [75] and narcolepsy [78] and in inbased assessments are related to meaningful or significant outcomes in everyday life. Among those dividuals with poor sleep [76, 77] when compared with control groups. Driving a car requires vigilance that are frequently recognized as important belong in first place quality of life, accident rates and but also involves complex tasks like monitoring the road and the flow of traffic, and motor performance economic variables like absenteeism or medical costs. People with sleep disorders as a group to control for lane position and speed. In patients with SRBD and narcolepsy [78] the association of show impaired quality of life [64, [67] [68] [69] [70] [71] , have a higher prevalence of absenteeism [64, 72, 73] and traffic accidents with laboratory-based assessments of sleepiness or alertness by the MSLT or MWT is are more likely to experience traffic and household accidents [71, [74] [75] [76] [77] [78] . They also frequently comrelatively poor [11, 25, 53, 78] . Findley et al. [11] have directly compared driving simulation performance plain of memory and other cognitive problems [70, 71, 79] . This documents that these patients with accident rates from official driving records.
They found that patients with SRBD or narcolepsy approach did not differentiate between different indices of sleep-related breathing. In addition diagwho showed a poor driving simulation performance nostic severity criteria are not strict in defining had higher accident rates than patients with normal cutpoints due to the consideration that "a single performance. However, this finding could not be numerical cutpoint (such as the apnoea index) is replicated in a later study by Barbé et al. [17] often not an appropriate division between levels of with a different analytical approach. The present severity, and clinical judgement of several indices of review has identified driving simulation perseverity is considered superior" [90] . Research into formance as being exceptionally sensitive in discognitive function in sleep-disordered patients could criminating between patients with SRBD, or profit greatly from the development and application narcolepsy and control subjects. One reason for of standardized research diagnostic criteria. There this may be that driving and driving simulation have been various studies that relate sleep paraperformance is a highly complex process which meters, measures of night-time sleep, daytime sleeprequires not only the co-ordination of many iness and oxygenation to cognitive performance in cognitive functions but also the effective suspatients with SRBD [2, 91, 92] . In insomniac patients tainment of these processes for a longer period at least one study [47] associated severity of inof time. Although more studies are needed to somnia to cognitive function. In narcoleptic patients, explore the ecological and predictive value of neuropsychological test performance was related to driving simulation performance, this appears to severity of ocular and muscular symptoms, although be a particularly promising avenue of research not in an entirely consistent way [56] . To date, for linking laboratory-based cognitive assessment however, none of these proposed relationships have to highly relevant real-life impairments. been independently cross-validated which is needed The experimental manipulation of sleep with because correlation models bear the danger of total, partial, or selective sleep deprivation, sleep overfitting, especially in small samples. Progress is restriction and sleep disruption [86] [87] [88] [89] shows that further limited by our lack of knowledge about the sleep duration, sleep stages and sleep continuity all intercorrelation of the different proposed factors are related to cognitive function in non-sleep
[1]. disturbed persons. This accumulated evidence In summary, persons with SRBD, insomnia, or provides a solid link between sleep and cognitive narcolepsy experience clinically significant imfunctions. Unfortunately the applicability to sleep pairment. Indicators for this are cognitive imdisorders remains limited by several factors. The pairment, driving behaviour and accidents and most important limitation is probably the difreduced quality of life. ference in time frame between experiments and the studies reviewed here. While the experiments use acute manipulation of sleep, patients present Practice Points a condition of chronically disturbed sleep. To date we know little about the time-course of chronic 1. Sleep-disordered patients as a group show sleep disorders and nearly nothing on the decognitive dysfunction. Major dysfunctions apvelopment of cognitive dysfunction in the patients' pear in the areas of attention, vigilance and career.
driving behaviour. Results suggest a reAnother approach to cognitive functioning in lationship between the severity of sleep-dissleep-disordered patients relies on correlational ordered breathing and cognitive impairment. analysis or the comparison of subgroups within 2. Patients with SRBD show reliable perthe group of sleep-disordered patients. The most formance deficits in driving simulation perstraightforward approach would be to hypothesize formance. This may be a predictor for real-life that cognitive dysfunction is related to the severity behaviour because for this group of patients an of the respective sleep disorder. Our review has increased rate of traffic accidents has been shown that patient groups with SRBD that we have documented. post-hoc classified as mild, moderate, and severe, 3. Cognitive deficits are less pronounced in show different degrees of cognitive dysfunction in insomniac patients but there is a clear lack of a dose-dependent manner, but for severe SRBD studies in this patient group. this is based on very limited data. Furthermore this
